The fervent search for an early biomarker for diabetic nephropathy is continuing because this entity has become the leading cause of end-stage renal disease in many countries. Novel biomarkers are being described in a high-speed manner. Using urine as a biological source is especially appealing given its ease of collection and its ability to serve as a direct conduit to the site of injury. We begin by briefly discussing the merits and pitfalls of our gold standard of microalbuminuria, and shift quickly to several promising nontraditional protein and messenger (m)RNA biomarkers. The quality of the evidence for using urinary podocyte as a marker will be described. Exploring entire sets of protein in humans in terms of proteomics has been a favorite approach in the last decade because the technology of protein separation and mass spectrometry allows for the unbiased search for new biomarkers. Isolating urinary microRNA may become yet another preferred method because these small, noncoding mRNA that regulate gene expression are particularly stable and apt for biomarker studies. Finally, the latest development is perhaps the study of exosomes, which are nanometer particles derived from the fusion of internal vesicles to the plasma membrane. These particles harbor protein, mRNA, and microRNA that may be isolated for further study. With the advent of newer technologic approaches, we hope that these newly discovered biomarkers will be rigorously tested in large, prospective, clinical trials so they can be implemented in clinical practice.
Introduction
The scourge of diabetes and nephropathy continues to plague our patients and health care system despite advances in the treatment of diabetes. Diabetic nephropathy remains the single largest cause of chronic kidney disease and end-stage renal disease in the US. Prevention is still the most cost-effective strategy. However, in order to offer prevention, we must be able to identify those patients at risk for development and progression of the disease as early as possible. The current clinical marker of microalbuminuria (defined as ,30 mg/g of albumin measured in the urine) as an early biomarker of diabetic nephropathy is fraught with controversy. Firstly, not all patients with microalbuminuria will progress. Hovind et al showed that although 29% of patients with type 1 diabetes mellitus (DM) develop microalbuminuria at 18 years of follow-up, only one third of those patients progress to persistent macroalbuminuria; in fact, one third of patients regress spontaneously to normoalbuminuria.
biomarker that may enable detection of diabetic nephropathy at an earlier stage with higher accuracy, and one which may further our understanding of the pathophysiology and clinical management of diabetic patients. A biomarker derived from the urine is particularly useful, as it has the advantages of being a simple, noninvasive test and is a direct conduit to the site of injury. In this paper, we review the latest and most promising of urinary biomarkers of diabetic nephropathy. We begin by examining the nontraditional urinary protein and messenger (m)RNA markers, with special emphasis on the podocyte, followed by markers identified via urinary proteomics, microRNAs, and exosomes.
Extracellular matrix markers
Excessive deposition of extracellular matrix proteins in the mesangium and basement membrane of the glomerulus and the tubulointerstitium is a characteristic finding in diabetic nephropathy. 3 As such, a selected number of these proteins have been studied as biomarkers for diabetic nephropathy (see Table 1 , Figure 1 ).
Transforming growth factor-beta (TGF-β) has been called the "master regulator" of extracellular matrix production in the diabetic kidney. Both tissue and urinary levels have been shown to be increased in diabetes. 4, 5 It stimulates proteins such as collagen type IV, fibronectin, and laminin. 6, 7 Animal models have shown increased expression of TGF-β (urinary and serum) in the hyperglycemic state. 8 When TGF-β levels were measured in patients undergoing elective cardiac catheterization, diabetic patients demonstrated a net renal production of TGF-β, whereas nondiabetic patients showed a net renal extraction of circulating TGF-β. As a corollary, urinary levels of TGF-β were increased in the diabetic population as compared with nondiabetic controls, emphasizing that TGF-β is an important manifestation of diabetic nephropathy. 9 Urinary TGF-β levels were also significantly higher in poorly controlled diabetes as compared with normal or well controlled diabetes; 10 in fact there was also a positive correlation with glycosylated hemoglobin (HbA 1c ). 10 However, when studied prospectively, the prognostic ability of urinary TGF-β has been mixed; one study predicted independently the progression of diabetic nephropathy after a 2-year follow-up 11 whereas another did not. 12 Connective tissue growth factor (CTGF) is induced by various pathways that include TGF-β, angiotensin II, signaling mothers against decapentaplegic peptide (Smad), and hypoxia inducible factor. 13 A relatively large cross-sectional study in type 1 DM patients found that urinary CTGF levels in those with diabetic nephropathy were significantly higher than in patients with microalbuminuria or normoalbuminuria.
14 Moreover, urinary CTGF levels correlated well with albuminuria and estimated glomerular filtration rate (GFR) in patients with diabetic nephropathy, suggesting its use as a predictive marker.
14 Subsequently, a prospective trial of type 1 and 2 DM patients for 6 years showed that urinary CTGF levels were also associated with the progression of microalbuminuria, demonstrating its potential as a prognostic biomarker for diabetic nephropathy. 15 An interventional trial in type 1 DM patients showed that treatment of macroalbuminuric diabetic patients with an angiotensin-converting enzyme inhibitor resulted Extracellular matrix
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• Fibronectin • Matrix metalloproteinase • α-smooth muscle actin Figure 1 Origins of urinary biomarkers of diabetic nephropathy. Abbreviations: NGAL, neutrophil gelatinase-associated lipocalin; KiM-1, kidney injury molecule 1; L-FABP, liver-type fatty acid-binding protein; TGF-β, transforming growth factor-beta; CTGF, connective tissue growth factor; MCP-1, monocyte chemoattractant protein-1. 
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Mehta et al in lowering of their urinary CTGF levels as compared with those who were not treated. 16 Type IV collagen is the principal component of the glomerular and tubular basement membrane as well as the mesangial matrix. An increased level of type IV collagen fragments in urine may reflect increase turnover of matrix in diabetic nephropathy, 17 whereas a decrease, on the other hand, may represent a state of low turnover. In a study from Thailand in 30 subjects with type 2 DM and proteinuria, Katavetin et al reported a modest but statistically significant inverse correlation between urinary excretion of type IV collagen and GFR (r=−0.39, P=0.04); 18 in other words, the higher the urinary collagen IV levels, the more rapid the decline in renal function. Similar results were shown in a Japanese cohort with type 2 DM without overt proteinuria. 19 This finding was also replicated in a prospective study of type 1 DM patients which showed an association between collagen type IV and a decline in estimated GFR, while albuminuria did not show an association. 20 However, as most of these studies were done in the Asian population, validation in other ethnic groups would be important.
Fibronectin is a glycoprotein involved in cellular processes such as tissue repair and cellular adhesion. A normal constituent of extracellular matrix in the mesangium, its expression is increased in diabetic nephropathy. 21, 22 In a study by Fagerudd et al, urinary fibronectin levels were found to be increased only in the macroalbuminuria group of type 1 diabetic patients and not in the normoalbuminuria or microalbuminuria groups. 23 Type 2 DM patients, on the other hand, showed increased levels in the urine of both microalbuminuric and macroalbuminuric patients as compared with age-matched controls. 24 Kuboki et al studied the relationship between urinary fibronectin degradation products in relation to proteinuria in 64 diabetic patients as compared with eleven healthy volunteers and discovered that not only were these products significantly elevated in the study group, they also correlated with their degree of proteinuria. 25 Although these initial studies were intriguing, there has not been any recent validation in larger, prospective studies.
Markers of increased glomerular permeability
Increased glomerular permeability and subsequent passage of large proteins is another common phenomenon in diabetic nephropathy. The etiology is multifaceted and caused by the altered composition of the glomerular basement membrane, impairing both size and charge selectivity, 26 podocyte dysfunction, and more. 26, 27 We present a number of biomarkers that are derived from this derangement, with a special focus on podocyte markers later on. Cystatin C is a cysteine proteinase inhibitor which is produced by all nucleated cells at a constant rate. GFR calculations based on serum cystatin C have been shown to be more accurate in diabetes. 28 Urinary cystatin C, on the other hand, is freely filtered and is not affected by age or muscle mass; its levels are also unaffected in proteinuric states without renal tubular damage, thus making it a possible urinary marker of diabetic nephropathy. 29 A prospective study involving 237 type 2 DM patients followed for 29 months showed that urinary cystatin C was associated with an annual decline in estimated GFR, especially at the early stages of nephropathy (estimated GFR $60 mL/min/1.73 m 2 ). Increased levels also correlated with progression of chronic kidney disease stage 3 or greater. 30 This promising study needs to be validated in a larger cohort.
The transferrin protein is more readily filtered than albumin because it is less anionic and has been studied as an early marker for diabetic nephropathy. In a prospective study of 2 years' duration in normoalbuminuric diabetic patients, increased urinary transferrin excretion was predictive for the development of microalbuminuria (odds ratio 7.04, P=0.04). 31 This was subsequently confirmed by a 5-year follow-up study in type 2 DM patients. 32 A systematic review found that urinary excretion of transferrin predicts the onset of diabetic nephropathy with high validity, although its prognostic ability for progression of disease is unclear. 33 There has been interest in the study of urinary immunoglobulins as markers of diabetic nephropathy for decades. In the past, isotypes of immunoglobulins were studied separately, ie, immunoglobulin (Ig)G and its subtypes IgG 1-4 , IgA, and IgM. Passage of these large proteins was thought to occur via the "large pores" in the glomerular capillaries and to indicate impairment of size selectivity of the glomerular capillary wall. 34 Occurring before an increase in urinary albumin excretion, an increase in the fractional excretion of IgG was found to be 2-3 times higher in type 1 DM patients than in control subjects. 35 In normoalbuminuric type 2 DM patients who were followed for 5 years, higher urinary IgG levels at baseline were associated with development of microalbuminuria. 32 High urinary IgM levels have been associated with both renal and cardiovascular deaths in type 2 DM patients. 36 With the advent of a highly sensitive Luminex-based detection method for immunoglobulins in the urine, we are now able to profile all isotypes and subtypes of immunoglobulins simultaneously. Diabetic patients with normoalbuminuria demonstrated significantly higher urinary 
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Urinary biomarkers of diabetic nephropathy IgG 2 , IgA, and IgM than healthy volunteers. This increase was further exaggerated in the microalbuminuric group, with IgG 2 being the most pronounced. 37 At this time, prospective studies will be needed to validate whether this new method of immunoglobulin detection is truly predictive of diabetic nephropathy.
Markers of tubulointerstitial damage
Although diabetic nephropathy has been traditionally thought of as a glomerular disease, studies have shown that the rate of deterioration of function correlates best with the degree of tubulointerstitial fibrosis. 38, 39 Thus, proteins that are upregulated in the tubulointerstitium may serve as valid markers of diabetic nephropathy.
α1 microglobulin is a glycoprotein that is freely filtered by the glomerular filtration barrier in its unbound form (bound forms are not filtered) and is reabsorbed by the proximal tubule where the protein is catabolized. Hence, urinary excretion of unbound α1 microglobulin correlates with proximal tubule dysfunction and can be helpful in early detection of tubular disorders, such as diabetic nephropathy, heavy metal intoxication, and urinary outflow disorders. 40 In an Asian study from Singapore, α1 microglobulin excretion directly correlated with albuminuria and glycemic control, 41 although others have not found this association. 42 Further, lack of international standardization as well as nonspecificity limits its clinical utility as a marker of diabetic nephropathy.
Retinol-binding protein transports retinol (vitamin A alcohol) from the liver to peripheral tissues. A major fraction of retinol-binding protein is bound to transthyretin, but a small unbound fraction (,10%) passes freely through the glomerular filtration barrier and is reabsorbed by proximal tubule cells. 43, 44 Increased urinary levels of retinol-binding protein have been found in a pediatric population of type 1 DM patients with and without microalbuminuria, signifying that this marker may be used to detect early tubular damage. 45 In a recent prospective study that followed type 2 DM patients for an average of 30 months, urinary retinol-binding protein appeared to be an independent predictor of disease progression (risk of dialysis, doubling of serum creatinine or death) after adjusting for confounding factors such as creatinine clearance, proteinuria, and blood pressure. 12 Monocyte chemoattractant protein-1 is a secreted chemokine that is thought to play an important role in the pathogenesis of tubulointerstitial disease by activating macrophage recruitment in diabetic nephropathy. 46 Subsequently, urinary monocyte chemoattractant protein-1 levels have been found to be significantly elevated in patients with diabetic nephropathy and advanced tubulointerstitial lesions. 46 In a prospective study, Titan et al found that urinary monocyte chemoattractant protein-1 predicted the risk of progression of chronic kidney disease in macroalbuminuric diabetic nephropathy, although its role as an early biomarker is still untested.
12
Neutrophil gelatinase-associated lipocalin (NGAL) is covalently bound to gelatinase from human neutrophils. NGAL is the product of the upregulated gene LCN2 induced after ischemic or nephrotoxic injury. [47] [48] [49] Subsequently, it was investigated as a marker for diabetic nephropathy in a crosssectional study by Nielsen et al in 148 type 1 DM subjects (58 normoalbuminuric, 45 microalbuminuric, 45 macroalbuminuric) which showed that urinary NGAL increased significantly from normoalbuminuria to microalbuminuria to macroalbuminuria (P,0.05); treatment with lisinopril reduced these levels, although the effect was insignificant. 50 The same authors later showed that elevated levels of urinary NGAL were associated with a greater decline in true GFR as measured by chromium-51 labeled ethylenediamine tetraacetic acid, but these associations were no longer significant after adjustment for confounding factors such as systolic blood pressure and albuminuria. 51 Fu et al also showed that urinary NGAL levels were elevated in a group of short-term type 2 DM patients (less than 5 years' duration) and that these levels showed a positive correlation with albuminuria and a negative correlation with estimated GFR, as compared with urinary kidney injury molecule 1 (KIM-1, see below) . 52 These studies demonstrate that urinary NGAL may be an early marker of diabetic nephropathy, although prospective studies are lacking.
KIM-1 is a type 1 transmembrane protein present on the apical membrane of the proximal tubule epithelial cell and is upregulated in rodent kidneys after ischemic or toxic injury but not detectable in normal kidney tissue. 53 In a study reported by Nielsen et al, urinary KIM-1 was elevated in all diabetic patients with or without albuminuria, indicating tubular damage occurring at an early stage. 50 These authors also reported that urinary KIM-1 was associated with progression of diabetic nephropathy toward end-stage renal disease, but not after adjustment for other known risk factors for progression (albuminuria, blood pressure). 51 In contrast with urinary NGAL, Fu et al showed that urinary KIM-1 did not show a correlation with albuminuria or estimated GFR in a group of short-term type 2 DM patients (less than 5 years' duration). 52 Thus, the prognostic value of KIM-1 for progression of diabetic nephropathy is debatable at this time. 
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Liver-type fatty acid-binding protein (L-FABP) is expressed in the proximal tubule cells of the human kidney. Its expression is induced by tubular ischemia, tubular stretch, hyperglycemia, and hypertension. [54] [55] [56] [57] In type 1 DM patients who were followed for 18 years, urinary L-FABP predicted the development of microalbuminuria, macroalbuminuria, and mortality, even after adjusting for confounders such as blood pressure, age, HbA 1c , and albumin excretion rate. 58 These findings were validated in a Finnish cohort of type 1 DM patients who were followed for a median of 5.8 years; L-FABP was found to be an independent predictor of progression at all stages of diabetic nephropathy, including normoalbuminuria. 59 Similarly, in type 2 DM patients, high urinary L-FABP levels are associated with increases in albuminuria, progression to end-stage renal disease, and need for hemodialysis. 60 Treatment with a statin appears to decrease urinary L-FABP levels. 61 These positive findings have been so compelling that the Ministry of Health has established urinary L-FABP as a new tubular biomarker in Japan.
Markers of epithelialmesenchymal transition
Recently, there has been increasing interest in using markers of epithelial-mesenchymal transition (EMT) for identification of diabetic nephropathy. EMT is described as the process of transformation of renal epithelial cells into fibroblasts. 62 This phenomenon plays a crucial role in the accumulation of extracellular matrix and fibrosis contributing to the development and progression of diabetic nephropathy. 63, 64 Mesenchymal markers for EMT include fibronectin, matrix metalloproteinases (MMPs), and α-smooth muscle actin, among others. 63, 65 MMPs promote tubular cell EMT through disruption of the basement membrane and degradation of collagen. 66 Prior studies measuring MMP levels in 24-hour urine collections have found increased levels of MMP-2 and MMP-9 in patients with type 1 DM and albuminuria. 67 Another investigation that included type 2 DM patients found increasing levels of MMP-8 and MMP-9 in patients with and without albuminuria, although the highest levels occurred in patients with albuminuria. 68 Zheng et al recently measured urinary mRNA levels of EMT-associated biomarkers such as α-smooth muscle actin, fibronectin, and MMP-9. 69 Patients with diabetic nephropathy were divided into three groups based on estimated GFR. Higher levels of α-smooth muscle actin, fibronectin, and MMP-9 were found in the diabetic nephropathy group compared with controls. Interestingly, increased levels correlated with advanced stages of diabetic nephropathy. These findings make EMT markers promising early biomarkers for diabetic nephropathy, but prospective studies are needed before utilizing this technique.
Podocyte markers
Perhaps one of the earliest studies that identified an important link between the podocyte and the pathogenesis of diabetic nephropathy came from Pagtalunan et al, who found a progressive reduction in podocyte density (number of cells per volume) in renal biopsies of Pima Indians with overt nephropathy as compared with earlier stages of diabetic nephropathy. 70 Podocytes, upon injury and detachment, can easily be found in the urine. After discovering urinary podocytes in children and adults with various glomerular diseases, 71, 72 studies in diabetic nephropathy were initiated. The first urinary podocyte study, by Nakamura et al, demonstrated that podocytes were present in patients with microalbuminuria and macroalbuminuria, although the macroalbuminuria group harbored a significantly higher number. 73 Interestingly, the relationship between podocyturia and albuminuria was poor. Earlier studies used podocalyxin as the marker of choice in identifying podocytes, but their specificity was hampered because this protein is expressed also on endothelial cells, parietal epithelial cells, and a variety of nonrenal cells, such as platelets and hematopoietic stem cells. [74] [75] [76] [77] Markers of the podocyte slit diaphragm, ie, nephrin and podocin, as well as the cytoskeletal protein synaptopodin, are known to be downregulated in diabetic nephropathy, 78 perhaps signifying shedding of these cells in the urine, rendering them a reasonable urinary marker. The sensitivity of podocyturia, as identified by nephrin for diagnosis, was demonstrated when urinary nephrin (nephrinuria) was found in a substantial number of normoalbuminuric patients, in addition to microalbuminuric and normoalbuminuric patients. 79 Nephrinuria also appears to portend the development of renal insufficiency, as shown in a Chinese population harboring a significant association between lower estimated GFR and nephrinuria despite being normoalbuminuric. 80 Using urinary mRNA as yet another method for identifying urinary podocytes, Wang et al found that expression of urinary nephrin, synaptopodin, and podocin was increased in diabetic patients as compared with controls, although only urinary nephrin and synaptopodin correlated with proteinuria and renal function. 81 Subsequently, urinary mRNA levels of synaptopodin, podocin, and other podocyte-specific molecules were found to increase with progression of diabetic nephropathy, 82 although this was a cross-sectional study. 
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Urinary biomarkers of diabetic nephropathy Despite enthusiasm for using podocyturia as markers, its routine clinical use is not yet possible. In order to isolate, identify, and correctly count these cells, we have to make several assumptions. Firstly, we assume that these podocytespecific proteins are preserved upon detachment from the glomerular basement membrane and washed in acidic urine, although this has yet to be confirmed. The process of podocyte identification and counting is also highly observerdependent, ie, the investigator must distinguish podocytes from cellular debris or cells that harbor background staining. The strategy of utilizing urinary mRNA for quantifying podocytes is marred by the vulnerability of mRNA to RNAses and bacteria. 83 It also requires a larger volume of collection, as much as 100 mL for an adequate sample, making a random urine collection unfeasible. Thus, before podocyturia can be used routinely, we need an improved method for identifying and quantifying podocytes, a practical technique, standardization of the technique, and importantly, longitudinal studies to define normal and abnormal urinary podocyte numbers. A study by Sakairi et al revealed the ability to generate conditionally immortalized human podocyte cell lines from patients with focal segmental glomerulosclerosis as well as healthy volunteers. 84 This raises the question of a "normal" level of podocyte shedding, a level that may increase with aging. In addition, a comparison of different podocyte markers should also be made to determine which is the most ideal. They must also be compared with the current standard, albuminuria. Our group has demonstrated that nephrinuria, measured by enzyme-linked immunosorbent assay (Exocell Inc, Philadelphia, PA, USA), appears in a majority of normoalbuminuric patients. 85 When compared with albuminuria, they both showed similar correlations with disease activity. This study signifies the potential to measure nephrinuria in a standardized method that is commercially available as an early biomarker for diabetic nephropathy.
Urinary proteomics
Proteomics has become a popular method of biomarker discovery in diabetic nephropathy. Proteomics is the assessment of proteomes which comprise all protein and peptide within a particular body compartment. Proteomes are cellspecific and tissue-specific, and change over time. This technique is dependent on the science of protein separation and mass spectrometry; it serves as an unbiased, highthroughput screening of all proteins from a biological source, thus obviating the need for specific antibodies. The different proteomic techniques are provided in a detailed review by Fliser et al. 86 In a cohort of 70 type 1 DM subjects, with the use of capillary electrophoresis coupled mass spectrometry proteomic methods, a set of 65 biomarkers was able to identify diabetic nephropathy with a sensitivity and specificity of 97%. 87 This panel of biomarkers also recognized patients with microalbuminuria who eventually progressed toward overt diabetic nephropathy over a 3-year period. Although not all proteomic biomarkers were sequenced, decreased excretion of certain collagen fragments in patients with diabetes as compared with healthy controls was found. These findings were further validated in a multicenter, case-control study of 148 type 2 DM patients from three European centers with 93.8% sensitivity and 91.4% specificity. 88 Other proteins found to be downregulated in this study were uromodulin, a CD99 antigen fragment, and membrane-associated progesterone receptor component 1 fragment. 88 These authors also found that urinary collagen fragments of type I and type III may serve as earlier and more specific biomarkers than urinary albumin. 88 In the largest multicenter study to date, involving 902 participants at ten different centers using capillary electrophoresis coupled mass spectrometry, Maahs et al reported that 131 urinary biomarker candidates were differentially regulated between type 1 and type 2 DM. 89 Specifically, a decrease in urinary level of fragments of collagen α-1 (I) and (III) was found in type 2 DM as compared with type 1 DM. This suggests that a disturbance in the physiologic degradation of the extracellular matrix occurs, perhaps due to decreased activity of certain matrix metalloproteases in diabetes. 90, 91 On the other hand, fragments of fibrinogen α and β were increased in type 2 DM as compared with type 1 DM. 89 Other proteins sequenced include fragments of α-1 antitrypsin, membrane-associated progesterone receptor component 1, and uromodulin. This panel of biomarkers distinguished type 1 DM from type 2 DM in an independent validation set of normoalbuminuric patients with 88% (95% confidence interval 81%-94%) accuracy and in patients with impaired renal function with 85% (95% confidence interval 81%-88%) accuracy. 89 In a longitudinal cohort study of type 1 and type 2 DM, Zurbig et al reported that a previously validated panel of 273 biomarkers, consisting mostly of collagen fragments, was able to detect subsequent progression to macroalbuminuria in normoalbuminuric subjects (area under the curve 0.93). This panel identified progressors in the majority of the cases earlier than the traditional albuminuria (area under the curve 0.67). 92 In a study that included long-term data, Otu et al discovered a 12-peak molecular signature that predicted 89% of cases of diabetic nephropathy 10 years prior to the development of nephropathy. 93 However, the actual proteins that constituted this signature were not identified.
Recently, Bhensdadia et al utilized the proteomic approach in a subset of normoalbuminuric patients with type 2 DM from the Veterans Affairs Diabetes Trial to identify new prognostic biomarkers. Of the seven candidate markers that were initially found, only haptoglobin was verified to be the best to predict early renal functional decline. 94 However, when compared with albuminuria, urinary haptoglobin was equivalent in predicting early decline, although the combination of both albuminuria and urinary haptoglobin improved the ability to predict decline than either biomarker alone.
What has been relatively consistent in these studies is that the collagen synthesis pathway is disrupted in early nephropathy in both type 1 and type 2 diabetes. However, many studies describe only peptide patterns in disease versus control states and thus may be of limited utility. The subsequent steps of protein identification and validation in larger prospective cohorts would be important before these markers can be used in clinical practice.
Urinary microRNAs
MicroRNAs (miRNAs) are single stranded, noncoding, short RNAs with 21-25 nucleotides that have been found to regulate gene expression through several mechanisms, including translational inhibition, target mRNA degradation and transcriptional inhibition. [95] [96] [97] Their low molecular complexity, preferential tissue expression profile, and ease of collection, along with simple methods of detection and amplification, make miRNAs promising candidates as biomarkers of disease. 98 In addition, their short sequence of nucleotides provides more stability against degradation by nucleases in the urine. 99 Five different miRNAs (miR-192, miR-194, miR-204, miR-215, and miR-216) have been identified as being expressed preferentially in the human kidney in comparison with other tissues using a high-density oligonucleotide array. 100 Additionally, studies of rat kidneys have found differences in the expression profile between the renal cortex and the medulla. Subsequent analysis of the expression profile with real-time polymerase chain reaction showed increased expression of miR-192 and miR-194 in the cortex and increased expression of miR-27b in the medulla. 101 Aside from their potential as biomarkers, miRNAs also have a role in the development of diabetic nephropathy and, more specifically, in podocyte homeostasis and podocytopathies. 96 In previous studies, disruption of miRNA biogenesis by selective inactivation of Dicer, an enzyme responsible for the processing of pre-miRNAs into mature miRNAs, in mouse podocytes was shown to be associated with podocyte foot process effacement, apoptosis, mesangial expansion, and glomerulosclerosis. The mutant mice developed proteinuria 4-5 weeks after birth and died weeks later, presumably from renal failure. 102 Similar findings were seen when using a conditional Dicer allele. 103 As mentioned earlier, TGF-β has an important role in the pathogenesis of diabetic nephropathy. Initially, TGF-β was found to induce miR-192 expression in cultured mesangial cells through the repressor protein, Smad-interacting protein, which leads to increased collagen deposition. 104 However, subsequent studies by Krupa et al and Wang et al showed a decrease in expression of miR-192 in proximal tubular cells 105 and mesangial cells 106 after TGF-β treatment; in addition, loss of miR-192 expression was associated with increased fibrosis and decreased estimated GFR. This discrepancy may be explained by the fact that the expression profile of miRNAs might differ in the different stages of diabetic nephropathy. For example, miR-192 expression was found to be lower in the renal biopsy tissue of late presenters of diabetic nephropathy as compared with progressors and nonprogressors. 105 The potential of miRNAs as biomarkers was also explored in a study of 56 patients with chronic kidney disease. This group included 17 patients with a histopathologic diagnosis of diabetic nephrosclerosis, 17 patients with IgA nephropathy, and 22 patients with hypertensive nephrosclerosis. Patients with diabetic nephrosclerosis showed lower levels of miR-15 expression as compared with the two other groups. 107 Interestingly, urinary expression of miR-21 and miR-216a correlated with the decline in renal function and progression to dialysis. 107 A recent study by Argyropoulos et al analyzed the urinary miRNA profile in type 1 diabetics and identified a spectrum of 27 miRNAs. The authors also found a different miRNA expression profile in the different stages of diabetic nephropathy. However, an association between miR-192 and diabetic nephropathy could not be demonstrated. 108 Clinical studies of urinary miRNAs are just beginning to be pursued, given the intriguing tissue findings. We eagerly await larger sample sizes from different centers including both type 1 and 2 DM patients before we can conclude whether these biomarkers have true potential.
Exosomes
A novel approach for biomarker development is to isolate exosomes in the urine. Exosomes are small vesicles, 
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Urinary biomarkers of diabetic nephropathy usually 40-80 nm in size, that are derived from the fusion of internal vesicles of multivesicular bodies with the plasma membrane. These vesicles are subsequently released after fusion with the plasma membrane into urine by renal epithelial cells. They may carry protein, mRNA, and miRNA. In a proteomic approach to discover exosomal proteins from Zucker diabetic fatty rats, a model of type 2 DM, proteins involved in transport, signaling, and cellular adhesion were identified. They included Xaa-Pro dipeptidase and major urinary protein-1, which were differentially regulated in diabetic urine samples as compared with controls. 109 In addition to membrane particles, exosomes are known to harbor cytosolic proteins. Wilms tumor 1 (WT1) is a transcription factor that regulates podocyte maturation and is known to be podocyte-specific. Recently, the WT1 protein has been isolated in urinary exosomes of diabetic patients and its levels are significantly higher in patients with proteinuria as compared with those without, although 50% of patients without proteinuria were also positive for WT1. 110 Nondiabetic control patients showed an almost absent level of WT1. Furthermore, WT1 levels correlated with proteinuria, albuminuria, serum creatinine, and a decline in estimated GFR, suggesting that this marker be used for early diagnosis and prediction of renal outcome.
At present, exosomal research is limited by its labor-intensive nature and the requirement of expensive equipment for ultracentrifugation to isolate a small amount of material. 111, 112 Newer techniques such as ultrafiltration and precipitation have been reported, and may serve as an alternative approach should ultracentrifugation be unavailable.
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Conclusion
Despite persistent interest in biomarker discovery in diabetic nephropathy over the last several decades, few, if any, have entered clinical practice. This is mostly hampered by the fact that many studies were done in small study populations (,100 patients) of a cross-sectional or short-term prospective nature. Frankly, many of these markers have not been shown to be superior to our gold standard of microalbuminuria. Thus, it is difficult at this time to recommend the use of anyone of these "novel" biomarkers given the above-mentioned limitations. Part of this problem is that if we continue choosing to categorize or define progressive disease by the degree of albuminuria, instead of hard endpoints such as end-stage renal disease, renal replacement therapy, or transplantation, then it might be difficult to find a marker that is superior. Access to banked urine specimens from previous long-term studies in diabetes, such as the Diabetes Control and Complications Trial, 114 and its follow-up study, Epidemiology of Diabetes Interventions and Complications, 115 would be critical. Studies like those harbor more than two decades worth of clinical follow-up data. As exciting as the newer molecular techniques of proteomic and exosomal research may be, they come with increased costs and greater hindrance toward implementation. Therefore, we must address the many scientific and practical concerns in our continued search for an earlier more predictive and prognostic marker of diabetic nephropathy. Perhaps the urgency in finding our "ideal" early marker is tempered by the fact that we still lack an effective intervention. There is no specific treatment for diabetic nephropathy at this time. Inhibition of the renin-angiotensin-aldosterone system is preferentially administered to patients who are diabetic even without nephropathy. Thus, a search for targeted drug therapeutics is perhaps more urgent.
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